IT is well known that the activity of the smooth muscle of the intestine is greatly modified by tension within the lumen, but the effect of tension on the muscle of the uterus has not received so much attention. It has been shown by Newton [1933] that the activity of the pregnant guinea-pig uterus in vitro is considerably modified by altering the load on the recording lever, and also that the threshold dose of oxytocin varies with the loading. It would not be wise, however, to apply these findings to the behaviour of the uterus in vivo; direct comparison of the activity of the uterus of the pregnant guinea-pig in vivo and in vitro has shown that the behaviour of the same piece of uterus is quite different under the two conditions (Bell, unpublished) . As far as is known, no method of recording the uterine contractions in vivo has been described in which the uterus is subject neither to tension nor to distension. The pressure used in many experiments, especially in the human experiments, to distend the uterine balloon is very high indeed. An accidental finding is described by Allen & Reynolds [1935] thus: "In the course of an experiment the intrauterine balloon .., became bulged, and increased in capacity .., the contractions became much greater in this case while in the other experiments of this series the uteri became quiescent." Reynolds [1937] , reviewing the subject, said: "Further consideration ought to be given, in the future, to the characteristics which various procedures impart to the kymographic records of uterine activity." The experiments which will be described were designed to eliminate tension and to investigate the movements of the uterus under conditions as far as possible normal.
METHODS
The method, briefly, was to take serial X-ray photographs of wire stitches placed alongside the uterus. (Compare Barcroft, Harris, Orahovats & Weiss [1925] on the movements of the spleen.)
The rabbit was chosen as.the first experimental animal because it is relatively large and because modifications of its activity are well known and well defined. The abdomen was opened under aseptic conditions and small stitches of 36 s.w.g. silver wire were sewn at short intervals along the mesometrial border of one horn of the uterus from the vaginal end to the junction with the uterine tube. The stitches were inserted in the mesometrium about 2 mm. from the uterus to avoid direct irritation of that organ, and in the spaces between the blood vessels to minimize interference with the blood supply. From five to eight stitches were used and each was tied in a distinctive fashion so that the order could be recorded and recognized later in the photographs (see Fig. 1 ). In two experiments there was an adhesion between one of the stitches and the bladder, but no adhesion to intestine was ever found. No reaction round the stitches was seen at post-mortem examination even when the stitches had been in position for several months; the absence of inflammatory changes was confirmed by histological examrination in all cases. Inflammatory changes have been shown by Laufer & Reynolds [1938] to produce uterine motility.
At the time of recording the movements the unanaesthetized animal was fastened in the prone position to an aluminium-topped operating table beneath which a lead-bottomed tray could be inserted. The lead tray was pulled out, a double-wrapped film (4j x 31 in.) placed on it, and the tray gently slid back into position without disturbing the animal; an X-ray photograph of the stitches was then taken (exposure time 2 sec. except in X 6 where it was 1/20th sec., the tube-film distance was 24 in.). This process was repeated every min. during the course of the experiment. Oxytocin (Pitocin kindly supplied by Dr White of Parke, Davis & Co.) was given into an ear vein in 1 c.c. saline towards the end of the experiment. Finally the animal was killed and specimens of the uterus taken for histological examination.
To facilitate sorting, serial numbers were painted on the outer wrappings of the films with white-lead paint; as an additional check this number was written in pencil on the film immediately before development. The distances between the shadows of consecutive stitches in each film were measured by dividers and tabulated; the most easily recognized point in each stitch was chosen as the reference point. From the tables the graphs were constructed as follows: the length of the first interstitch distance at the vaginal end of the uterus was plotted vertically above the time axis, and each interstitch distance was added in succession, so that the total ordinate represents the total length of the uterus at that instant -as the uterus was usually curved the total length on the graph is greater than the distance between the shadows of the first and last stitches. Each line on the graphs describes the movements of one stitch.
RESULTS
Rabbit X 2 was a normal, intact, presumably oestrous animal; the uterine movements ( Fig. 2) were recorded 2 weeks after insertion of the stitches. In considering Fig. 2 and the subsequent graphs, several points must be borne in mind. The method gives practically no magnification but, for convenience, the measurements have been plotted on a slightly enlarged scale; small.alterations on the graphs are, therefore, of little moment. It was usually possible to measure the interstitch distances to 0x2 mm., but occasionally the error might be of the order of 0 5 mm. In the case of X 2 with seven distances to be measured it is just possible, if accidentally the errors summed, for the values on the top curve to be, say, 3 mm. in error. It will be seen that the dip in the topmost curve which begins about 10 min. after the beginning of the experiment is over 6 mm. in depth-this is undoubtedly a genuine contraction. Further the smooth curve of this contraction strongly suggests that the error of measurement is, in fact, quite small. Not very much stress can be laid on the smaller alterations of the curve-e.g. from 4 to 10 min. in this case.
There were some struggling movements of the animal at 11 min. but the contraction started at 10 min. It has frequently been noted in other mm. 40 30 20 10 0 l l 0 10 20 min. experiments where uterine movements were being recorded directly on a drum that a uterine contraction may produce restlessness even in an anaesthetized animal. When, as in the present case, the animal is conscious, struggling might be expected more frequently. Since contractions are associated fairly often with struggles, but a struggle is not necessarily accompanied by a contraction, it is probable that the uterine movement is the primary occurrence. It is difficult to imagine that any of the uterine movements illustrated here were painful-that is, if human experience is of any value as an analogy. Rabbit X 3 was spayed and silver stitches were inserted along the left uterine horn; 1 week later photographs were taken. The curve (lefthand of Fig. 3 ) shows a preliminary relaxation followed by a very slight contraction. The early relaxation is of the same extent as the contraction Exp Fig. 2 , but generally speaking the uterus is less motile. A small piece of uterus taken from the right horn showed histologically the typical spayed appearance. An adhesion between the vaginal stitch and the wall of the bladder was broken down. Beginning on the next day subcutaneous injections of 0-01 mg. oestrone in olive oil were given twice daily for 1 week (total dose 0O14 mg.). On the day after the last injection another series of photographs yielded the second graph of Fig. 3 . The difference between the two graphs is striking: the oestrin treatment has increased the movements of the uterus and has increased the total length (com- This dose would amost certainly have produced a marked effect had the usual methods of recording been used.
Sixteen days after the silver stitches had been inserted rabbit X 4 received intravenously 4-6 mg. of mare anterior pituitary powder (kindly given to me by Dr J. M. Robson) in suspension in saline. The X-ray photographs (Fig. 4) were taken 9 days later, which is about or just after the height of pseudopregnaancy; this was confirmed by the very marked mm. progestational proliferation seen on histological examination of the uterus. The great length as compared with X 2 and X 3 is very obvious. The most striking point is the great extent of the spontaneous movements. Numerous investigators, beginning with Reynolds & Friedman [1930] , have reported that the rabbit uterus in pseudopregnancy is quiescent. In the case of X 4 the uterus was at one time less than half its maximum relaxed length. The spontaneous contractions are separated by long quiescent periods of 10-15 min.; this is in contrast to the oestrin-treated rabbit, where contraction wave followed contraction wave without intermission. 0*5 unit of pitocin at 28 min. did not appear to have any effect; some time was lost in making this injection, this is indicated on the graph by the straight lines from 26 to 29 min.
As experiment X 4 showed such a great difference from the generally accepted state of affairs, it was decided to repeat the experiment in a slightly different way. Rabbits X 5 and X 6 were oophorectomized and stitches were inserted in the left mesometrium. About 4 weeks later each was given a course of oestrone (0.01 mg. per day for a week) followed by 0-25 mg. progesterone (Proluton, kindly supplied by Schering Ltd.) twice daily for 4 days. The photographs were taken on the day after the last injection.
The two graphs are essentially similar (only that of X 6 is shown in Fig. 5 ). The uteri both showed marked progestational proliferation, but they were not quite so long as in the case of X 4, presumably because the latter had 9 days' progesterone treatment from its own ovaries as compared with 4 days' injection treatment in X 5 and X 6. As in the case of X 4, the graphs show very marked contractions separated by long quiet periods. In X 5 injection of 0.5 unit of pitocin was followed by a contraction of 4 min. duration which may have been spontaneous; in X 6 injection of 0 5 unit of pitocin was, unfortunately, given shortly after the beginning of a contraction which was smaller than the previous spontaneous ones. This absence of response to this relatively large dose of oxytocin is also seen when ordinary recording methods are used.
DIsCUSSION
One of the apparent disadvantages of this method is that the detail of the curves is not so great as can be obtained by kymographic methods. If the curves are examined closely, it will be found that the omission of every other point would have altered very little the general trend; this simple test shows that photographs were taken frequently enough. Increasing the number of photographs in a given time would have added greatly to the cost of the experiment, and it would have increased the labour of measurement by requiring several hundred additional measurements for each graph without yielding any corresponding advantage.
The possible causes of the movements of the stitches are respiratory, intestinal and uterine. The outlines of the stitches are not quite sharp in every case, but in the vast majority the shadows are well defined in spite of the exposure time being 2 sec. This rules out the respiratory cause as the rabbit breathes about 100 times per min.
The uterus and intestine were never adherent, but presumably the uterus might be pushed about by active coils of intestine. In the case of rabbit X 3 there was a very great difference between the trace obtained shortly after spaying and that obtained a week later after oestrin treatment. The alteration in the character of the graph is almost certainly due to alterations in the behaviour of the uterus itself as the intestine is not affected by oestrin. Again, the speed of the movements, especially in X 4, X 5 and X 6, is very much slower than that of intestinal movements.
The shadows of two stitches may move towards one another by a contraction of the intervening part of the uterus or merely by an alteration in the angle formed by the line passing through the stitches and the horizontal, i.e. foreshortening. Consideration of the rabbit's uterus lying, as it does, on the abdominal wall and pressed down on it by the weight of the viscera would suggest that foreshortening, though possible, is not likely to be important. Further, in any big contraction it will be seen that, almost without exception, all the interstitch distances decrease simultaneously; it seems unlikely that the whole of the uterus would so regularly change its inclination to the horizontal simultaneously.
Since the rabbit has a very large and lax mesometrium, which permits very great mobility, the experiment was repeated on the cat which has a very short mesometrium. The uterus in this species is held close to the upper, i.e. dorsal, part of the abdominal cavity.
Cat X 2 was spayed and stitches were inserted along the left mesometrium. About 2 months later it was given 0.05 mg. of oestrone in oil twice a day for 10 days. At the end of this course of treatment it was decerebrated, and the anaesthetic allowed to blow off. The decerebration was performed because it was not thought likely that an unanaesthetized cat would lie quietly for an hour like the more docile rabbit. When marked decerebrate rigidity appeared photographs were taken. The graph (Fig. 6) shows two spontaneous contractions about 28 min. apart. Immediately after an injection of 0 5 unit of pitocin a large uterine contraction occurred in which the total length was reduced to nearly one-half of the maximum relaxed length. This contraction was more sustained than the spontaneous contractions. Immediately after the X-ray photographs were taken the uterine movements were recorded by means of the boat-shaped cannula described by Bell & Robson [1936] . The uterus now showed much greater spontaneous activity (Fig. 7) ; the X-ray method showed complete quiescence for about 17 min. between the two spontaneous contractions while the maximum interval with the older method is 2 min.; the duration of the oxytocic action of pitocin is, however, of the same order. It is interesting to note that, while the reactions to oxytocin and vasopressin are as described by Robson & Schild [1938] , the type of spontaneous activity is different. This may be due to the anaesthetic used by them or to the decerebration in the present case.
The finding that the uterine movements can be recorded by the present method even when the mesometrium is relatively tight, makes it even more certain that the movements found in the rabbit are genuine uterine movements on which the tightness or laxness of the mesometrium has little effect.
It would be most interesting to have records of the primate uterus in the unloaded state, because it is in this case that there has been most discussion of the effect of distension. Experiments on two Macacus rhesus monkeys were undertaken, but the graphs obtained were practically straight lines. The actual amount of contraction occurring in such a small fibrous uterus is very small, and may be masked by the movements of the uterus as a whole in the pelvis. The X-ray method gives practically no magnification and therefore cannot be expected to give even in large monkeys a good record of uterine movements.
CONCLUSIONS
There is no doubt now that the behaviour of the uterus in vitro is a most unreliable guide to its behaviour in vivo. The present work raises doubts as to whether all the work done on uterine movements in vivo can be accepted as it stands.
The most interesting finding in the present experiments is the large amount of spontaneous activity shown by the pseudopregnant rabbit uterus. In no other animal has complete quiescence been produced by oestrone and progesterone when the movements have been recorded by ordinary methods. If the present work is accepted, then an anomaly is removed.
It will be obvious that this X-ray method can be used only as a check on the more usual methods of determining uterine behaviour; it is very expensive and the making of measurements and graphs extremely laborious. If, therefore, the findings of this method agree with those of previous workers with other methods, then we must assume that the description already available is actually that of the behaviour in the normal animal. This appears to be the attitude to adopt to the experiments on rabbits X 2 and X 3. It seems that the rhythmic contractions of the oestrous uterus are not excited by the weight of the recording lever, but the possibility that the spontaneous movements may be exaggerated by tension is not excluded, nor is any light thrown on the functional significance of these movements in the non-gravid uterus.
SUMMARY
A method of obtaining records of the movements of the uterus by taking serial X-ray photographs of silver wire stitches placed in the mesometrium along the uterine border is described. Graphs can be constructed to show the movements of the uterus in the absence of any tension or distension, and in the unanaesthetized animal.
The behaviour of the rabbit uterus as a result of spaying and after oestrin treatment is very like that described previously by ordinary kymographic methods. The uterus of a pseudopregnant rabbit shows long periods of quiescence with intervening large contractions. The uteri of rabbits treated with oestrone and progesterone show very similar movements. These uteri have been previously described as quiescent.
The behaviour of the uterus of a cat treated with oestrone is recorded. It shows rather less activity in the unloaded state as compared with the loaded.
The method is not applicable to the uterus of Macacus rhesus. The possible causes of the variations shown on the graphs are discussed; it seems certain that they are true records of uterine movements.
